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【Abstract】Objective:    To explore the protective
effects of two types of ischemic postconditioning (IP) on
intestinal mucosa barrier in rabbits with crush injury of the
hind limb.
Methods:    This study was conducted between August
and December 2008 in the Department of Trauma Surgery,
Daping Hospital, Third Military Medical University,
Chongqing, China. The model of crush injury to the hind
limb of rabbits was firstly developed by a 25 kg object with
the right hind limbs fixed by wooden splints, and then two
types of IP were established, including occluding/opening
the common iliac artery and vein alternatively (traditional
IP, IP A) and binding/loosening the proximum of the injured
hind limb alternatively (modified IP, IP B). Thirty-six male
New Zealand white rabbits were randomly divided into three
groups: IP A group, IP B group and control group, with 12
rabbits in each group. The serum levels of diamine oxidase
(DAO) and intestinal fatty acid-binding protein (I-FABP)
were detected at 2, 6, 12 and 24 hours after injury. Pathologi-
cal changes of ileum were examined at 24 hours after injury.
Results:    The serum levels of I-FABP at 2, 6, 12 and 24
hours after injury in both IP A and IP B groups had a signifi-
cant decrease, compared with control group. DAO levels
also showed the same change trend at 2 and 6 hours after
injury, but showed no significant difference between two IP
groups. No difference in pathological changes of ileum was
found among the three groups.
Conclusions:    IP can protect intestinal mucosa barrier
function on the model of hind limb crush injury in rabbits.
Meanwhile the modified IP B shows the same protection as
the traditional IP A, and is worth applying in clinic.
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Traumatic rhabdomyolysis, which is common innatural disasters such as earthquake andhurricane, refers to rhabdomyolysis caused by
crush injuries, especially those in the limbs. Its clinical
manifestations are muscular fatigue, pain and weakness,
dark urine and other typical symptoms of muscular injury.
However, due to the non-specific or mild symptoms, clini-
cal and laboratory findings are easily neglected at the
early phase of the illness. And the complications of
rhabdomyolysis are life threatening, thus it is vital to make
an early diagnosis and interventions.
Ischemic postconditioning (IP) is a new measure
raised recently to decrease the damage of ischemia-
reperfusion. Some reports have proved that IP can pre-
vent acute ischemic renal failure in rats.1 But there are
few reports on the first aid of crush injury. After limb
crush injury, body fluids flow to the third interstice, which
leads to blood volume depletion and metabolic disorder.
Intestinal mucosa is very sensitive to ischemia. It is
proved that intestinal chorioepithelium will disappear af-
ter ischemia for 2 hours (by occlusion of mesenteric
arteries).2 However, because the traditional measure re-
quires dissection of the main artery that supplies the
organ, and is not feasible in the field first aid of trauma.
This study aimed to explore the protective effects of
two types of IP (the traditional IP and a modified IP,
which is similar to the remote IP mode raised by Yang
et al3) on intestinal mucosa barrier in a rabbit model of
hind limb crush injury.
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METHODS
Animal model
This study was conducted between August and
December 2008 in the Department of Trauma Surgery,
Daping Hospital, Third Military Medical University,
Chongqing, China after being approved by the Third
Military Medical University Council on Animal Care in
accordance with the Guidance of Experimental Animal
Welfare. A total of 16 male New Zealand white rabbits
weighing 2.03 to 2.55 kg from the Experimental Animal
Center of Daping Hospital were randomized into two
groups with 8 rabbits in each group. They were fed
routinely. All the rabbits were anesthetized with 30 mg/kg
pentobarbital sodium injected into the marginal ear vein.
Then, their right hind limbs were fixed by wooden splints
and crushed with a 25 kg object. The rabbits were di-
vided as 4-h group and 10-h group according to the
duration of crush. Before and 12 hours after crush, 3 ml
blood was obtained from the central ear artery, and cen-
trifuged at 3 200 r/min for 5 minutes with equal volume
of heparin. Then the supernatant was utilized for the
detection of creatinine kinase MB isoenzyme (CK-MB,
goat anti-rabbit CK-MB ELISA kit; ADL Inc. USA).
Similarly, 5 ml sterile urine was taken and centrifuged
at 3 200 r/min for 5 minutes. The obtained supernatant
was utilized for the detection of myoglobin (Myo, goat
anti-rabbit Myo ELISA kit, ADL Inc. USA). The results
are shown in Table 1. In the 4-h group, the serum CK-
MB and urine Myo levels were not significantly elevated
after crush (P>0.05), while in the 10-h group, the in-
crease was significant (P<0.05). The 10-h group was
thus inferred to have a serious crush injury and the ex-
perimental condition was adopted for the subsequent
experiment in the study.
IP models
IP A: occlude/open the common iliac artery and
vein alternately    Dissect the right common iliac ar-
tery and vein before crush. Then alternately occlude
and open the common iliac artery and vein at 60 s/time
for 3 times.
IP B: bind/ loosen alternately the proximum of
the injured hind limb    Bind the proximum of right
limb by tourniquet (till the pulse of dorsal artery of right
foot cannot be touched) before crush. Then bind/ loosen
alternately the proximum of the injured hind limb at 60
s/time for 3 times.
Grouping
In the subsequent experiment, a total of 36 male
New Zealand white rabbits weighing 2.05-2.67 kg, aver-
aged 2.33 kg±0.18 kg, were included after fed conven-
tionally for one week. The diet and rearing environment
were concordant with the national standard (GB 14924.4-
2001; GB 14925-2001, China). The rabbits were ran-
domly divided into three groups: IP A group, IP B group
and control group (12 rabbits in each group).
Pathological and laboratory findings
Before and 2, 6, 12 and 24 hours after crush, blood
samples were collected and sent for laboratory
examination. The samples (3 ml from each rabbit) were
centrifuged at 3 200 r/min for 20 minutes with equiva-
lent volume of heparin. The supernatant was then taken
and preserved at -20 °C. The serum diamine oxidase
(DAO) and intestinal fatty acid-binding protein (I-FABP)
concentrations were detected at the end of the experi-
ment with goat anti-rabbit DAO ELISA kit and goat anti-
rabbit I-FABP ELISA kit respectively (ADL Inc. USA).
Twenty-four hours after crush, the rabbits were executed
and ileum specimens (size of 1 cm×1 cm and 5 cm
from the ileocecal junction) were sampled. The samples
were soaked in 4% formalin for one week and stained
with HE for pathological examination by a microscope
(x100, Leica, DM2500, Germany). The 12 rabbits in
control group received the same pathological and labo-
ratory examinations simultaneously.
Statistical analysis
The data were expressed as x±s. Student’s t test
was performed to analyze serum DAO level and I-FABP
level, and Mann-Whitney U test to process the enumera-
tion data by SPSS 16.0. Data were recognized as sig-
nificant difference if the P value was less than 0.05.
RESULTS
The serum DAO level began to increase at 2 hours
and peaked at 6 hours after crush, and it was lower in
groups IP A and IP B, compared with controls (P<0.05).
At 12 and 24 hours after crush, the differences in DAO
levels showed no significance among the three groups
(P>0.05, Table 2).
The serum I-FABP level began to rise at 2 hours
and peaked at 12 hours after crush, and the level was
much lower in groups IP A and IP B, compared with
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controls in the whole laboratory process (P<0.05). There
was no significant difference for I-FABP levels between
groups IP A and IP B (P>0.05, Table 3).
There was no significant difference in the microvilli
of ileum specimens under a microscope in all groups
(x100, Leica, DM2500, Germany). The microvilli injury
was regarded as grades 1 to 3 based on the standard
of Chiu et al’s4, and it revealed no significant difference
in all groups by Mann-Whitney U test (Figure 1).
DISCUSSION
It has been proved that trauma can lead to atrophy
of  the intestinal mucosa in rats. Endotoxemia
(lipopolysaccharide) damages the intestinal barrier
function,5 so how to relieve this damage in trauma is
very worth exploring. In this study, we choose DAO
and I-FABP as the indexes of intestinal function. DAO,
an enzyme which deaminates histamine and
polyamines, is very active in the intestinal mucosa in
most mammalian species, including humans.6 It is found
almost exclusive in the small intestine. The activity of
DAO is closely correlated with intestine nucleic acid
and protein synthesis, and its plasma level reveals mu-
cosal DAO content and structural change in the intes-
tinal mucosa. Plasma DAO activity can reflect the de-
velopment of mucosal injury in severe trauma. I-FABP
is specific for intestinal mucosa and sensitive to intes-
tinal ischemia. The serum I-FABP combined with DAO
is an early, sensitive and specific biochemical marker
in the diagnosis of intestinal mucosal barrier injury af-
ter ischemia-reperfusion.
Table 3. Serum I-FABP concentrations at various time points (n=12 for each group, χ±s, ng/ml)
Groups                                                                         Time after crash injury
              0 h                              2 h                                  6 h                               12 h                           24 h
Control
IP A
IP B
100.76±3.19
  99.96±3.09●
  99.42±3.25●
120.70±4.96
108.75±4.81▲
108.62±3.05▲*
133.78±3.45
117.04±3.70▲
117.83±3.45▲*
161.24±5.69
125.52±4.22▲
127.93±3.86▲*
120.97±4.68
109.12±6.95▲
106.59±3.92▲*
● P>0.05 and ▲P<0.05, compared with controls; *P>0.05, compared with IP A group.
● P>0.05 and ▲P<0.05, compared with controls; *P>0.05, compared with IP A group.
Control
IP A
IP B
7.42±0.50
7.43±0.58●
7.52±0.60●
9.81±0.75
7.48±0.46▲
7.43±0.46▲*
13.44±1.11
  8.69±0.69▲
  8.70±0.70▲*
7.99±0.44
7.67±0.44●
7.67±0.40●*
7.30±0.99
7.35±0.60●
7.23±0.57●*
Table 2. Serum DAO concentrations at various time points (n=12 for each group, χ±s, U/ml)
Groups                                                                         Time after crash injury
              0 h                              2 h                                  6 h                               12 h                           24 h
Table 1. CK-MB and Myo concentrations before and after crush (χ±s, ng/ml)
Groups Serum CK-MB                                                               Urine Myo
4-h group (n=8)
10-h group (n=8)
Before crush                  After crush Before crush                  After crush
37.73±21.71
34.15±20.38
40.31±13.54#
61.64±12.97*
273.39±171.98
279.63±163.00
390.19±169.36#
995.19±296.19*
#P>0.05 and *P<0.05, compared with the values before crush.
Figure 1. HE stain of the ileum microvilli specimens from IP A (A), IP B (B) and control groups (C) under a microscope (×100, Leica,
DM2500, Germany), which shows no significant difference among three groups according to Mann-Whitney U test.
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In this study, we found that the activities of DAO
and I-FABP in the IP groups significantly increased,
suggesting that both types of IP have protective effects
on intestinal barrier function after crush injury. And the
level of DAO returned to normal earlier than that of I-
FABP, which was still higher than that of the control.
The microvilli of ileum specimens were not significantly
different under a microscope in all groups, however it
needs further studies to determine whether the intesti-
nal mucosa changed morphologically or had already
repaired.
There are many factors that may lead to intestinal
mucosa damage in trauma. IP is a new measure raised
recently to decrease the damage. It was firstly raised
in the studies on ischemia-reperfusion injury in heart,
and was proved effective in protecting the functions of
heart and kidney on some animal models.7-10 But the
traditional measure requires dissection of the main ar-
tery that supplies the organ, thus it is not feasible in
the first aid of locus in quo remedy in trauma. To solve
this problem, we explored a new method of IP: to bind/
loosen alternately (60 s/time, 3 times) the proximum of
the injured hind limb (IP B), which showed the same
protection for intestinal barrier function as the traditional
one (IP A). The new measure has notable protective
effects and is feasible; therefore it is worth applying in
clinic. But the best combination of time for perfusion-
reperfusion and number of repetition need to be studied
in-depth.
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